cyclase activity and intracellular cyclic-AMP generation. Here, we show that neurofibromin is required for normal murine lens development. Utilizing a previously developed strain of Nf1-deficient mice, we demonstrate that Nf1 −/− embryos exhibit severe lens hypoplasia, and in some cases, anophthalmia. Currently we are working to elucidate the mechanistic molecular events responsible for this severe lens phenotype present in embryos devoid of systemic neurofibromin. 
Neovascularization in the retina is associated with diseases that often cause severe vision loss and eventual blindness. In order to develop novel therapeutics, a better understanding of the molecular and cellular processes controlling vascular development in the eye is necessary. The mitogen-activated protein kinase (MAPK) pathway has been shown to play a pivotal role in vascularization in early embryonic development, as well as during tumorigenesis. Our laboratory has shown that MAPK inhibition reduces VEGF secretion, as well as angiogenesis and tumor growth, in melanoma and sarcoma xenograft model systems. However little is known about the role(s) of these signaling pathways in the development of the vasculature in the retina. To determine whether MAPK pathways are active during retinal vascularization in a mouse model, phosphorylated MAPK levels were analyzed. MAPK activation was undetectable at earliest stages of retinal vascularization but was elevated by PN7 through to PN21. In contrast, levels of total MAPK remained constant throughout this period. We observed that phosphorylated ERK became concentrated in the tips of budding vessels at PN7 and PN10. These observations indicate that MAPK pathways are active in regions that coincide spatially and temporally with extensive angiogenic remodeling of the developing retinal vasculature. This finding is consistent with our hypothesis that MAPK signaling is required for endothelial response to angioproliferative cytokines. These studies reveal the potential of inhibitors of MAPK signaling for application of treatment of neovascular retinopathies. Hedgehog signaling controls diverse developmental processes in metazoans. Recent studies indicate that the cilium acts as a sensory organelle for the mammalian Hedgehog signaling pathway. However, the mechanism by which the Hedgehog signals are transduced in mammals is not clearly understood. Through forward genetics we identified a null allele of mouse Intraflagellar transport 122 homolog (mIft122) that causes severe developmental defects. Genetic epistasis indicated that mIFT122 represses the Hedgehog pathway at a step downstream of Smoothened and upstream of Gli2. We found that mIFT122 plays a conserved role in the retrograde intraflagellar transport (IFT) in mammals, as the accumulation of IFT proteins at the distal tips of mutant cilia mimicked retrograde IFT defects in other species. Strikingly, activating components of the pathway, Gli2 and Gli3, accumulated to high levels at the distal tips of mIft122 cilia, whereas the pathway repressor Suppressor of Fused did not. While previous studies have shown that the loss of IFT proteins involved in anterograde transport leads to the loss of cilia and down-regulation of the pathway, this study shows that loss of mIft122, predominately involved in retrograde transport, leads to strong, constitutive, and ligand-independent up-regulation of the pathway. Therefore, we propose that the bi-directional IFT machinery plays a more central role in Hedgehog signaling beyond construction of cilia and that the IFT machinery controls both the "on" and "off" states of the mammalian Hedgehog pathway at the tips of cilia. 
member, is expressed in fetal mouse SMG, and stimulates branching morphogenesis. ERK5, also called big mitogen-activated protein kinase 1, was recently found as a new member of MAPK super family, and its biological roles are still largely unknown. In this study, we investigated the expression and function of ERK5 in developing fetal mouse SMGs. Western blotting analysis showed that the expression pattern of ERK5 was different from the pattern of ERK1/2 in developing fetal SMGs. Phosphorylation of ERK1/2 was strongly induced by epidermal growth factor (EGF) in SMG rudiments at embryonic day 14 (E14), E16 and E18. However, ERK5 phosphorylation by EGF was observed at E14 and E16, but not clearly at E18. FGF7 and FGF10, also known to regulate the branching morphogenesis of mouse SMG, did not clearly induced the phosphorylation of ERK5 in fetal SMGs. Branching morphogenesis of cultured E13 SMG rudiments was strongly suppressed by administration of U0126, an inhibitor for ERK activation. Therefore, both ERK1/2 and ERK5 signaling cascades might play an important role in the regulation of branching morphogenesis of developing fetal mouse SMG. The EGFR family of receptor tyrosine kinases contains four single transmembrane proteins, also called the ErbB family (ErbB1-4). These receptors form homo-or heterodimers when activated by one of a dozen ligands, and trigger complex signaling networks. The ErbB family is known to be expressed in fetal mouse submandibular glands (SMG). There is, however, no quantitative information on the expression pattern of the ErbB members and their ligands in developing mouse SMGs. To investigate the expression patterns of the ErbB family, the number of molecules of individual ErbB mRNAs/ ng of total RNA was determined by a real time RT-PCR with SYBR green I system employing external cRNA standards. Absolute quantification of mRNA species by real time RT-PCR is analytically robust and reproducible, with high sensitivity and specificity. Using the same system, we also determined the amount of mRNAs for ErbB ligands such as EGF, HB-EGF, neuregulin 1 and epiregulin which are already known to be expressed in fetal mouse SMGs. The mRNAs of ErbB and ligand families were detected in both prenatal and postnatal mouse SMG samples, and their expression patterns varied depending on the developmental stages. These results suggest that the variations of expression pattern in the ErbB and ligand genes are related to the regulation in branching morphogenesis of fetal mouse SMG. Dynamic targeting and sequestering of signaling molecules to subcellular compartments is critical to ensure the appropriate temporal activation and/or inhibition of signaling pathways during development. Regulation of membrane localization of Sanpodo, a central regulator of the Notch pathway in Drosophila neural progenitor cells, is thought to be important for promoting different cell fates. Here we present the first temporally resolved view of Sanpodo dynamics during sensory organ precursor cell asymmetric division. Remarkably, Sanpodo becomes asymmetric within minutes after sensory organ precursor cell division in the daughter cells. Specifically, Sanpodo is targeted to the membrane interface between the pIIa and pIIb daughter cells and to a population of anterior early endosomes, which exclude Notch and Delta, in the Notch-repressed pIIb cell. We further show that rapid Sanpodo targeting to the plasma membrane interface requires the activity of the exocyst complex member Sec15, and overexpression of Numb causes depletion of Sanpodo from membrane interface. In addition, we find that Rab5 function is required for suppressing Notch signaling and for sequestering Sanpodo to early endosomes in the pIIb cell. We propose that activation and inhibition of the Notch pathway in daughter cells occurs rapidly following asymmetric cell division and is controlled by targeting Sanpodo to specific plasma membrane or endocytic compartments. Asymmetric cell division is a fundamental mechanism for establishing cell fate diversity in development. In Drosophila, mitotic neural progenitor cells asymmetrically segregate Numb, a protein that functions to inhibit Notch, in order to block Notch signaling in only one of the two daughter cells. Models of Numb's inhibitory function on Notch signaling propose that Numb may function to promote endocytosis of Notch or other membrane proteins required for Notch signaling. Here we provide evidence that Numb regulates Notch signaling by directly binding to Sanpodo, a membrane protein that is required to promote Notch signaling in asymmetrically neural progenitors. We have identified a conserved consensus Numb-binding motif in Sanpodo and its orthologs in several insect species and show by structural modeling that the Sanpodo motif is predicted to bind a conserved domain of Numb. In mutagenesis studies we show that the motif is required for Sanpodo-Numb interaction in vitro. Furthermore, in vivo truncation analyses of Sanpodo domains show that the Nterminal region containing the Numb-binding motif is required to target Sanpodo to early endosomes in the low-Notch daughter cell. We propose that the direct Sanpodo-Numb interaction we have uncovered represents a conserved mode of regulation of Notch signaling in asymmetric cell division. 
